OBJect Recent studies have reported that the local delivery of vancomycin powder is associated with a decrease in spinal surgical site infection. This retrospective cohort study compares posterior cervical fusion cases before and after the routine application of spinal vancomycin powder to evaluate the ability of local vancomycin powder to prevent deep wound infection after posterior cervical spinal fusion. MetHODS Posterior cervical fusion spinal surgeries performed at a single institution were reviewed from January 2011 to July 2013. Each cohort's baseline characteristics, operative data, and rates of wound infection were compared. Associations between infection and vancomycin powder, with and without propensity score adjustment for risk factors, were determined using logistic regression. reSultS A total of 289 patients (174 untreated and 115 treated with vancomycin powder) were included in the study. The cohorts were similar in terms of baseline and operative variables. No significant change in deep wound infection rate was seen between the control group (6.9%) and intervention group (5.2%, p = 0.563). Logistic regression, with and without propensity score adjustment, demonstrated that the use of vancomycin powder did not impact the development of surgical site infection (OR 0.743 [95% CI 0.270-2.04], p = 0.564) and ], p = 0.328), respectively. cONcluSiONS Within the context of an ongoing debate on the effectiveness of locally administered vancomycin powder, the authors found no significant difference in the incidence of deep wound infection rates after posterior cervical fusion surgery with routine use of locally applied vancomycin powder. Future prospective randomized series are needed to corroborate these results.
T he incidence of postoperative surgical site infections (SSIs) after cervical spine surgery is reported to range from 0.8% to 15.0%. 2, [17] [18] [19] [20] 27 Compared with lumbar surgeries, Gruskay et al. showed that cervical fusion cases were associated with a significantly lower rate of infection (n = 5023, 4.3% vs 2.75%, p = 0.003), with posterior cervical fusion cases having a significantly higher rate of infection than anterior cervical cases (n = 2544, 6.0% vs 0.4%, p < 0.001). 5 Postoperative infections have a deleterious impact on patients, as they often require more hospitalizations, surgical procedures, and resultant increased economic burden. 25 Furthermore, patients who develop SSIs have an elevated mortality risk. 1, 6, 7 Given the incidence of deep wound infections, several authors explored and subsequently published their results on locally applied prophylactic vancomycin antibiotic powder, in addition to systemic antibiotics, to reduce postoperative spinal SSIs. [2] [3] [4] 9, [13] [14] [15] [16] [17] [20] [21] [22] 24 Perioperative vancomycin powder is an attractive option for additional prophylaxis against postoperative SSI due to its low cost and broad coverage. Numerous studies have shown that the addition of local vancomycin powder to standard systemic antibiotic prophylaxis reduced postoperative spinal SSI rates from 2.6%-15% to 0%-2.5%. 2, 4, 14, 15, 17, [20] [21] [22] A few cohort studies have looked at posterior cervical fusion cases and have reported significant reductions in the incidence of postoperative deep SSI rates from 10.9%-15.0% to 0%-2.5% after the introduction of perioperative vancomycin powder. 2, 17, 20 However, these studies were limited by small cohort patient sizes, with fewer than 172 total patients, and high control (nonvancomycin) postoperative SSI rates. Furthermore, a recent study published by Mariappan et al. 11 highlighted the adverse systemic effects of locally applied vancomycin powder and questioned its effectiveness in reducing the incidence of postoperative spinal SSIs. With a relatively larger cohort of patients (n = 289), this study will provide an improved analysis of the efficacy of perioperative vancomycin powder in posterior cervical fusion cases.
The aim of this study is to compare the incidence of postoperative deep SSI rates in patients undergoing posterior cervical fusion surgery before and after the routine application of locally applied vancomycin powder at our institution.
Methods

Patient Selection
This study compares postoperative deep SSI rates in patients undergoing posterior cervical fusion surgery before and after the routine application of locally applied vancomycin powder by one of 8 spine surgeons at our institution. The institutional review board approved this study, which consisted of a retrospective review of hospital records from January 2011 to July 2013 of adult spinal surgery patients. The inclusion criteria consisted of patients older than 18 years who had undergone posterior cervical (occipitocervical, cervical only, and cervicothoracic) spinal fusion using screw-rod instrumentation. Inclusion etiologies included degenerative, deformity, neoplastic, and traumatic pathologies. Exclusion criteria included infectious etiologies and nonfusion or laminoplasty cases. Patient demographics, clinical presentation, comorbidities, radiological studies, and all treatment variables were reviewed for each case.
Standard Pre-and Postoperative Systemic Prophylactic antibiotic regimen
All patients received standard systemic antibiotic prophylaxis consisting of intravenous cefazolin within 1 hour of surgical incision followed by intravenous cefazolin every 8 hours for 1 day. If the patient was allergic to penicillin, clindamycin was used instead. Other intravenous antibiotics that were used infrequently included piperacillin/ tazobactam and vancomycin. All patients were prepared with chlorhexidine. Fusion levels were determined by preoperative imaging. Before skin closure, irrigation with normal saline was performed.
treatment and control cohorts
Two patient cohorts were developed. The treatment group consisted of consecutive patients who received 2 g of intraoperative vancomycin powder (April 2012-July 2013), spread throughout the local wound. The powder was placed directly on the deep wound and subfascial muscle tissues, taking care not to expose bone graft or dura. The control group consisted of consecutive patients who underwent surgery prior to the institutional use of vancomycin powder (January 2011-March 2012). Patients who lacked documentation of affirmative or negative vancomycin usage were excluded from analysis. The surgical approach involved an open midline posterior incision for all patients. Titanium instruments, autograft and dimineralized bone matrices, and cortical cancellous chips were used in all cases.
The decision to use subfascial drains was based on surgeon preference. However, in most cases subfascial drains were used. In all cases, the wounds were closed with nonabsorbable suture in the muscle, fascia, and subcutaneous layers, and with staple or suture closure of the skin. After skin closure, incisions were cleaned again with chlorhexidine, and a sterile dressing was applied. Dressings and drains were kept in place until the 2nd postoperative day.
Diagnostic evaluation
The definition of a deep SSI established by the Centers for Disease Control and Prevention (CDC) was used to make an SSI diagnosis. 10 According to the CDC definition, deep space incisional SSIs all occur within 30 days after surgery. Additionally, they involve purulent drainage, isolation of organism, signs or symptoms of infection (such as pain or tenderness, localized swelling, redness, or heat) combined with positive culture results, and diagnosis by a surgeon or attending physician. Thus, for this study, an SSI was defined as being diagnosed during the initial hospitalization or during a hospital readmission or postoperative clinic appointment within 30 days of the surgery.
All patients in this study had standard laboratory tests on admission to the hospital including erythrocyte sedimentation rate, peripheral white blood cell count, C-reactive protein, complete urine analysis, and microbiology and blood cultures. Erythrocyte sedimentation rate was determined by the Westergren method and was considered abnormal if greater than 15 mm/hr. C-reactive protein was considered abnormal if greater than 5 mg/ dl. Bacterial identification and susceptibility testing were performed according to the guidelines of the CDC.
clinical Parameters
Preoperative and intraoperative data for each patient were collected using patient charts and computerized medical records. Surgical infection risk factors were documented for each patient, including body mass index (BMI), obesity, diabetes mellitus, insulin use, chronic steroid use, prior cervical surgery, chronic obstructive pulmonary disease (COPD), tobacco use, and osteoporosis. Pertinent operative details were also collected, including number of levels instrumented, involvement of the cervicothoracic junction (CTJ), estimated blood loss (EBL), duration of anesthesia, intraoperative steroid use, blood transfusion, use of cell saver blood, and dural tear.
Statistical analysis
Bivariate associations of vancomycin powder with base-line characteristics, operative data, and rates of wound infection were determined using chi-square tests for categorical variables and Wilcoxon tests for continuous variables. Variables used in the propensity score model to predict use of vancomycin powder included age, BMI, duration of anesthesia, EBL, long-term use of steroid, intraoperative steroid use, number of levels instrumented, tobacco use, diabetes, coronary artery disease, COPD, obesity, osteoporosis, prior cervical fusion, CTJ involvement, neoplastic etiology, and traumatic etiology. Associations between postoperative infection and vancomycin powder, with and without propensity score adjustment for risk factors, were determined using logistic regression. Significance of the results was assessed at alpha = 0.05. Analysis was conducted using SAS (version 9.3, SAS Inc.).
results
A total of 289 adult patients undergoing posterior cervical fusions were included in the study, with 174 patients (91 males and 83 females) in the untreated group and 115 patients (58 males and 57 females) in the vancomycintreated group. Two patients were excluded due to incomplete records. As shown in Table 1 , the untreated and treated groups were statistically similar (p > 0.05) with regard to baseline and operative variables, with the exception of mean patient age (untreated 57.6 years, treated 62.3 years; p = 0.009), cases that crossed the CTJ (untreated 41.4%, treated 57.4%; p = 0.008), and mean number of levels instrumented (untreated 4.4, treated 4.8; p = 0.033), which were slightly higher in the treated group. Mean BMI (untreated 28.0, treated 29.3; p = 0.293) and prevalence of diabetes (untreated 18.4%, treated 21.1%; p = 0.577) were similar between the cohorts. Tobacco use was higher in the untreated cohort (untreated 20.7%, treated 12.2%; p = 0.061).
The mean duration of anesthesia and EBL were similar between the cohorts: (untreated 279.5 minutes, treated 277.6 minutes; p = 0.747) and (untreated 447.8 ml, treated 436.4 ml, p = 0.585), respectively. Postoperative drains were used in a similar number of patients (untreated 90.2%, treated 89.6%; p = 0.854). Lastly, both the untreated and treated groups did not have a significant difference in deep SSI rates (untreated 6.9%, treated 5.2%; p = 0.563 [ Table 1 
]).
A comparison of other baseline and operative variables between untreated and treated patients with a deep SSI is shown in Table 2 . The mean number of postoperative days to infection was significantly longer in the treated cohort (untreated 13.9 days, treated 22.3 days; p = 0.024). Similarly, there were more smokers in the treated cohort (untreated 0%, treated 33.3%; p = 0.034).
There was no significant difference between choice of pre-and perioperative intravenous antibiotics: cefazolin (untreated 85.6%, treated 87.8%; p = 0.593), clindamycin (untreated 10.3%, treated 9.6%; p = 0.829), vancomycin (untreated 3.4%, treated 2.6%; p = 0.688), and a single case of piperacillin/tazobactam.
A detailed description of each SSI is shown in Tables  3 and 4 for vancomycin-treated and untreated patients, respectively. There was no significant difference in culture results for SSIs. The majority of documented infections in both groups were due to either 1) gram-positive cocci (other than methicillin-resistant Staphylococcus aureus [MRSA]) in 10 of 12 untreated patients and 5 of 6 treated patients, or 2) gram-negative rods in 4 of 12 untreated patients and 2 of 6 treated patients. There were no MRSA infections in either group, and 6 cultures grew multiple organisms (4 of 12 untreated patients and 2 of 6 treated patients).
Unadjusted odds of use of vancomycin powder did not significantly decrease SSI (OR 0.743 [95% CI 0.270-2.04], p = 0.564). Logistic regression, adjusted with quintiles of the propensity score for the risk factors of vancomycin powder on SSI, was also not predictive of postoperative infection (OR 0.583 [95% CI 0.198-1.718], p = 0.328).
Discussion
Local powdered intrawound vancomycin is an attractive option for additional prophylaxis against postoperative spinal SSIs. Powdered vancomycin is inexpensive, appears to carry a lower risk of systemic complications compared with the intravenous form, and has broad coverage against typical organisms responsible for deep wound infections. Most initial studies have supported adjunctive powdered vancomycin, reporting decreased rates of postoperative wound infection and no adverse side effects. 2, 3, 14, 15, 17, [20] [21] [22] 24 Local vancomycin has long been tested in sternotomy wounds following cardiac surgery. In a 1989 blinded, randomized study involving 416 patients, Vander Salm et al. reported a significant reduction of sternal infections (3.6% vs 0.45%, p = 0.02) with topical vancomycin applied to the cut edges of the sternum. 24 Recently, Lazar et al. used adjunctive topical vancomycin powder in 36 cardiac surgery cases and reported no occurrences of postoperative sternal infections or renal toxicity during the 12-month follow-up period. The group also measured serum vancomycin levels after each postoperative day, which showed a significant decrease in serum vancomycin levels from the day of surgery to the 6th postoperative day (p < 0.001). 9 Ozcan et al. used rodent models to study MRSA sternotomy infections. The group used topical and intravenous vancomycin on rats with deep sternal wounds inoculated with MRSA and reported a significant (p < 0.05) reduction in MRSA wound organisms in 3 treated groups (topical, intravenous, and topical plus intravenous), with topical plus intravenous having the largest reduction. 16 Several studies have looked at the addition of local vancomycin powder to standard systemic antibiotic prophylaxis in posterior spinal fusion surgery (Table 5) . Cohort studies showed that vancomycin powder significantly reduced postoperative SSIs in adult thoracolumbar fusion surgery (n = 165-1732, 2.6%-12% vs 0%-0.2%, p < 0.001), 21, 22 posterior fusion after traumatic etiologies (n = 110, 13% vs 0%, p = 0.02), 15 and posterior cervical decompression and fusion surgeries (n = 171-576, 1.73%-15% vs 0%-2.5%, p < 0.05). 2, 17, 20 Similarly, after introduction of vancomycin powder, Molinari et al. reported a low (1.20%) SSI rate in spine fusion surgery (n = 663), 14 and Gans et al. reported a low (3.4%) SSI rate in pediatric spine deformity fusion cas- es (n = 87). 3 In a cost analysis, Godil et al. postulated that decreased SSI rates due to vancomycin powder can lead to a potential cost savings of $438,165 per 100 patients. 4 In all of these studies, no adverse events or postoperative complications associated with the use of vancomycin powder were noted in any of the intervention groups.
Conversely, 2 groups reported no significant change in postoperative deep wound infection. Mohammed et al. compared open vascular procedures with and without intrawound vancomycin powder. 13 In the 454-patient study, there was a small but statistically significant decrease in the 30-day incidence of superficial infections (18.9% vs 11.5%, p = 0.033), but no significant difference in the incidence of deep wound infections (6.1% vs 5.7%, p = 0.692) or overall dehiscence rates (22.2% vs 17.7%, p = 0.239). The group postulated that the blunted effect of local vancomycin on deep wounds could be due to the local vascular environment resulting in poor systemic absorption of the local antibiotic lessening its systemic effect on deep wound infections. Similarly, Tubaki et al. reported no change in postoperative SSI rates in spinal fusion cases (1.99% vs 1.98%). 23 The safety of vancomycin powder has also been challenged in a recent case report by Mariappan et al., who described an anaphylactic reaction resulting in circulatory collapse in a 52-year-old woman with metastatic breast cancer, after topical application of vancomycin powder during thoracic spine surgery. 11 Similarly, our study did not show a significant reduction in postoperative deep SSIs in posterior cervical spinal fusion cases (n = 289, 6.9% vs 5.2%, p = 0.563). This is in contrast to 2 prior, smaller cohort studies that reported significant reductions in the incidence of postoperative deep SSI in posterior cervical fusion cases. 2, 20 Likewise, the 1.7% reduction seen in our study is much smaller than the average 4.79% reduction seen in prior published studies. 2, 17, 20 Spinal fusion patients are at a higher risk for infection due to very large incisional wounds, longer surgery time, duration of anesthesia, blood loss, 26 and use of instrumentation. 12 A possible theory for our results that are in contrast to those of other vancomycin studies is that local vancomycin may not have enough capacity to overcome the increased infection risk factors seen in patients undergoing fusion. Thus, the addition of other treatment modalities may be needed to prevent SSIs in the high-risk fusion population, such as improved nutrition or more stringent patient selection criteria. An additional consideration is that the current dosing of intrawound vancomycin may not be adequate, or the delivery of the medication does not last long enough in the local environment to completely control bacterial growth for these large, deep incisions. Interestingly, although culture results were not significantly different in either cohort, patients in the treated cohort had a higher mean number of postoperative days to infection (untreated 13.9 days, treated 22.3 days, p = 0.024). A possible theory for this is that vancomycin may stave off immediate infections, but infections may manifest as the local levels of vancomycin decrease.
This study was larger than most of the prior cervical vancomycin powder studies, 2, 20 and it attempted to con- 26 blood transfusion, coronary artery disease, osteoporosis, dural tear, and COPD. 8 Vancomycin-treated patients were slightly older. This factor could potentially increase the risk of deep infection in the treatment group. However, our logistic regression analysis controlling for risk factors and operative details did not show an impact for vancomycin in affecting incidence of infection.
Our study has several limitations that are subject to interpretation. With the sample and small infection rates observed, this study is underpowered for vancomycin to predict SSI. Sample sizes of more than 3000 patients in each cohort would be required to adequately power this study, given the infection rates that were found in each cohort. However, our sample size (n = 289) was large enough to detect the effect of vancomycin on infection rates in both prior posterior cervical fusion vancomycin studies. 2, 20 This study was limited by its retrospective design, focus on fusion cases, and resulting confounding factors that may have been undetected. We also focused on deep wound complications within the 30-day postoperative period, not accounting for superficial or possible late infections. The study involved 8 surgeons who have fairly similar techniques. However, there could have been subtle surgical variations. Both cohorts centered on the introduction of vancomycin powder, which initially began due to surgeon's discretion and may have introduced selection bias. Likewise, procedure bias may have been introduced by the surgeon in the treated cohort, such as quantity of wound irrigation or other types of infection control techniques. However, note that the distribution of infections showed that no one surgeon had a significantly greater infection rate, and no surgeon had a change in infection rate before and after the introduction of vancomycin. Furthermore, there was no difference in wound surveillance techniques or infection event recognition in either cohort. Additionally, serum vancomycin levels were not measured, which could have aided in proper dosing and assessing its duration of impact. Finally, drains were common in this series and could have drained or limited the vancomycin concentration. 22 Despite these limitations, our study demonstrated that the use of locally ap- 
conclusions
This retrospective cohort study compared postoperative deep SSI rates in a continuous cohort of patients undergoing posterior cervical fusion surgery before and after the routine application of locally applied vancomycin powder. No significant change in deep wound infection rate was seen between the control group (6.9%) and intervention group (5.2%, p = 0.563). This study is in contrast to prior cervical spinal studies, which have reported a statistically significant and larger decrease in SSI with the addition of perioperative intrawound vancomycin powder. 2, 17, 20 Future randomized prospective studies are needed to corroborate our findings. 
